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Intelligent Transportation Systems and

Sustainable Communities
Findings of a National Study

DANIEL R. JORDAN AND THOMAS A. HORAN

The 1990s may well be remembered as the decade in which the idea 6T RB is conducting a major study on the concept of sustainable trans-
sustainability took hold in government, business, academia, and popuportation. Other efforts to link transportation and sustainability
lar culture. In the United States, concerns with sustainability have jcjyde a White House—sponsored dialogue on greenhouse gas

entered policy discussions at various levels of government and sectors, . _ . : “ ” )
of the economy. The application of the sustainability paradigm to trans-%mISSIonS from personal automobiles (called "Car Talk”) and ITE's

portation has coincided with the advent of intelligent transportation 2dOption of “Transportation and Sustainable Communities” as
systems (ITS). ITS—the application of advanced technologies (e.g.,the theme of its 1997 conference. All of these initiatives will have

computers, communications, advanced sensors) to the surface trangmportant effects on the design of future transportation systems.

portation system—is a major new advanced transportation technology Efforts to apply the sustainability paradigm to transportation have
initiative that has become a highly touted prospect for improving the ¢gincided with the advent of Intelligent Transportation Systems
nation’s surface transportation system. ITS could have significantél-l-s)' ITS—the application of advanced technologies (e.g., comput-

effects on the nation’s environment, economy, and society, and this ha - .
prompted widespread research and speculation on the range of potentiaﬁrs’ commumcaﬂ_ons, advanced sensors) to the_ surface transpc_)rt_qtlon
system—is a major new advanced transportation technology initia-

ITS impacts. It has also brought ITS into the sustainability debate, and> ° * ‘ '
controversy exists over whether ITS will facilitate or undermine efforts tive and a highly touted prospect for improving the nation’s trans-
to promote sustainable communities. A series of conceptual and appliegortation system. ITS could have significant effects on the nation’s
exercises being done at the national level, as well as within Minnesota.environment, economy, and society, and this has prompted wide-
on the implications of the sustainability paradigm on ITS are described. spread research and speculation on the range of potential ITS impacts.

Afftir the po'_icyt;?f_’”te"t surrounding IITSI is introdu%?d,dkey ?ime”SiO”Sdlt has also brought ITS into the sustainability debate, and controversy
of the sustainability concept, particularly sustainable development an exists over whether ITS will facilitate or undermine efforts to pro-

sustainable communities, are examined. The concept of sustainable i tainabl ities. Rel | that
communities is linked to transportation and ITS. In conclusion, findings MOte sustainable communities. Reploglefor example, argues tha

on how ITS and other information technologies might promote sustain- @1 ITS program stressing demand management strategies could “be
able communities are given, with special attention to the context of the most important enabling technology driver in decades to reform
Minnesota’s ITS program. and progress in American transportation, winning for our citizens sus-
tainable high wage jobs, reduced traffic delay, more livable commu-
nities, and a healthy environment.” Cerveth) however, expresses

ar less optimism about the potential contribution of ITS to sustain-
?ble communities, arguing that a major ITS deployment program

acadgmla_,lnand popul_ar Clulture. The most heralded exprrt]assmn Olstands to worsen by orders of magnitude” the problems of excessive
sustainability—sustainable development—occurred at the 1992 ;.0 ohile travel, suburban sprawl, and air pollution.

Earth Summit, where representatives from more than 150 nations, the authors argue that ITS technologies can indeed promote

including 117 presidents and prime ministers, pledged to integrateqgforts to build sustainable communities. By providing vast amounts
environmental and economic development in their respective of information on the performance of the transportation system, ITS
nations’ planning and policy. Defined as “development that meets ¢y g allow for greater operational control of that system and reduce
the needs of the present without compromising the ability of future the negative externalities associated with transportation. Easily dis-
generations to meet their own needs; gustainable development  seminated information about the transportation system—such as
has become an increasingly common standard for measuringprice signals that convey the true costs of driving, “real-time” traf-
human progres<]. fic and emissions data, or information on the costs and benefits of

In the United States, concerns about sustainability or sustainablegjternative transportation policies—will enable transportation to
development have entered policy discussions at various levels ofserve the multiple economic, social, and environmental goals
government and sectors of society. Important sustainable developimplied by the sustainable communities paradigm. ITS offers the
ment projects exist at the national level, (e.g., President's Commis-prospect of an information-intensive transportation system, in which
sion on Sustainable Development), the state level (e.g., Minnesotahe information provided could increase mobility, reduce environ-
Sustainable Development Initiative), and the local level (e.g., Sus-mental damage, and better serve the interests of communities. Such
tainable Seattle). Similar efforts to incorporate sustainability con- a system will not evolve automatically, however. Before the
cepts are now under way in the transportation sector. For examplepromise of ITS becomes a reality, ITS deployments must be inte-
grated into an overarching policy and institutional framework aimed
at promoting sustainable communities.

Claremont Graduate School Research Institute, 250 West First Street, 1NiS paper is part of an ongoing series of conceptual and applied
Suite 254, Claremont, Calif. 91711. exercises being done at the national level, as well as within Minnesota,

The 1990s may well be remembered as the decade in which th
idea of “sustainability” first took hold in government, business,
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on the implications of the sustainability paradigm for ITS. Part of this (WCED’s) 1987 definition of sustainable development as “devel-
study focuses on providing the Minnesota Department of Transporta-opment that meets the needs of the present without compromising
tion with recommendations on how ITS might promote sustainable the ability of future generations to meet their own needs,” more than
communities in Minnesota. After a brief introduction to the policy 70 definitions of sustainable development have entered the policy
context surrounding transportation and ITS, the authors examine keyliterature (1). Despite its promise as a measure of progress and as
dimensions of the sustainability concept, particularly sustainable a mobilizing vision, the concept of sustainable development remains
development and sustainable communities. Then the concept of sussontroversial and difficult to define; it is particularly difficult to
tainable communities is linked to transportation and ITS, exploring translate into practical action. Indeed, Ruttaf) (correctly notes

three specific areas—air quality, land use, and social equity—that arehat the popularity of the WCED definition stems in part from its
central to the ITS/sustainability debate. Finally comes a discussion ofbeing “so broad that it is almost devoid of operational significance.”
policy implications and specific recommendations for how ITS Take the notion of ecological sustainability with respect to a lake,
can promote sustainable communities, with special reference tofor example. Sustaining a healthy lake as a stable aquatic ecosystem
Minnesota’s ITS program. means reversing the natural process of eutrophication that slowly
turns lakes into marshes, and marshes into forests. In such instances
it is ecological integrity that must be sustained, not necessarily a
particular ecosystem.

. . . ) ) Despite their limitations, sustainability concepts provide useful
American transportation planning has been premised on the notioNy 2 meworks for thinking about the future. Given that almost 200
that travel services must keep pace with increases in the number o;

| hicl d desired trips. Planning has b ive. f international conferences, professional meetings, and scientific
peopie, venhicies, and desired trps. Flanning has been reactive, 10h ., qiations have used sustainability as the theme of their gather-
the most part, attempting to increase or maintain mobility and travel

; ! . ... —'ings in recent year<), it is not surprising that the transportation
safety in the face of rapid population growth. Whatevgr social !Ils community is now talking about sustainability.
have been caused by the development of massive public and private
transportation systems, the alternative of limiting mobility has been
judged far less desirable. ) N

The policy emphasis on mobility has in part resulted in vehicle Sustainable Communities

miles traveled (VMT) rising much faster than population. Between . .
1970 and 1990, the United States experienced a 21.3 percent pop”sSing the WCED'’s definition of sustainable development, the
ulation increase, a 78 percent rise in vehicle registrations, and zauthors offer the following as a synthetic definition of the various
91.6 percent increase in VME)( The surface transportation infra- strands considered under the rubric of sustainable commugjties (
structure has been unable to accommodate this dramatic increase,
as highway capital outlays across the nation decreased over this Sustainable communities have levels of pollution, consumption, and
same period|). The result has been chronic traffic congestion in ~ POPulation size that are in keeping with regional carrying capacity;

. . ... their members share an ethic of responsibility to each other and to
most urban areas, causing annual congestion-related productivity future generations; their goods and services reflect the full social and
losses estimated between $43 billion and $100 hillfgn ( environmental costs of their provision; their system of governance

Furthermore, despite significant improvements in fuel efficiency  and civic leadership encourages democratic deliberation; and their
and pollution reduction technologies such as catalytic converters, design of markets, transport, land use, and architecture enhances
the transportation sector continues to damage human health and neighborhood livability and environmental quality.
cause enormous environmental damage. Air pollution from auto- _ N . . .
mobile emissions increases the incidence of heart and lung disease As highlighted in Figure 1, sustainable communities consist of

and the Environmental Protection Agen8yéstimates that 56 per- threg basi.c interrelationshipsa)(the psychological and physi(;al
cent of the cancer risk associated with air pollution results from relationships between the quality of human life and the quality of

motor vehicle emissions. In addition to causing regional air pollu- the qatura] environment (the blc.)sphe.rb)itt)e social and polltlcal
tion, motor vehicle emissions and the transportation infrastructure "élationships between the quality of individual human life and the

also damage ecosystems and deplete natural resources. There mQ)L)a"ty of community engag_emen_t and collective self-governapce,
be global impacts as well, as the transportation sector is responsibl@"d €) the local-global relationship between community planning
for roughly 30 percent of global greenhouse gas emissions, whicha_md governance and t_he health of the plan_et. Sustal_nable communi-
may contribute to global warming)( In all, estimates of the exter-  ti€S: in the authors’ view, are made possible by this set of forces
nal costs of the U.S. transportation system (measured in the costSPerating in a mutually enhancing fashion. , ,
associated with damage to human health, damage to agriculture, and COMMunities represent the social and physical expression of inter-
extinction of plants and animals) range from $10 billion to $200 dependence. Although they can be organized for both good and ill
billion/year (L0). Concerns over these externalities are the impetus ends, communities connect individuals with each other, and collec-

for efforts to create a more sustainable transportation system. tively with the bioregion that envelops them. When designed to pro-
mote cooperation for mutual benefit, they provide what Putham (

calls “virtuous circles” or self-reinforcing stocks of “social capital:

BACKGROUND

ELEMENTS OF SUSTAINABILITY [which includes] cooperation, trust, reciprocity, civic engagement,
and collective well-being.” Communities do for people what ecosys-
Sustainable Development tems do for the rest of nature: they bring a measure of stability and

common purpose to the lives of individual organisms.
Before describing possible links between ITS and sustainable Another key element of sustainable communities is concern for
communities, it is necessary to define sustainable developmentecological carrying capacity, which depends on at least three key
Since the World Commission on Environment and Development’s factors: the assimilative capacity of ecosystems and bioregions (e.g.,
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Quality of Human Life  health, freedom, dignity, access to resources, fulfillment of

individual potential

Civic Engagement sense of place, participation in governance, social equity

Quality of Biosphere

biological diversity, carrying capacity, life support, renewable
resource base

FIGURE 1 Model of sustainable community g).

the ability of marshes to absorb and break down certain harmful pol-  Figure 2 provides a systems framework for linking the concept of
lutants), the regenerative capacity of natural systems (e.g., foressustainable communities with transportation and ITS. It lists the three
regrowth after fires), and the technological expansion or substitutioncomponents of sustainable communities discussed before— quality
effect, whereby manmade artifacts can be used in place of damagedf life, civic engagement, and quality of the biosphere—and suggests
natural amenities (e.g., growing food hydroponically in order to indicators for each component. It then highlights three areas where
cope with topsoil erosion). Physical indicators such as emission lev-sustainable communities and transportation intersect; emissions,
els of CO, CQ, the level of paved surface area, and so forth can sug-land use, and travel behavior. Finally, the chart gives particular ITS
gest the threshold level for sustainabili).(Perhaps more than  applications and specific venues for their implementation.

anything else, it is concerns about the earth’s carrying capacity that The link between ITS and sustainable communities stems from
spur investigation into the concept of sustainable transportation. the ability of ITS to create a transportation system rich in infor-
mation, or what might be called an information-intensive trans-
portation system. An information-intensive transportation system
promotes sustainable communities in two ways. First, it substitutes
information for new lanes, roads, and highways as a way of increas-
ing the capacity of the transportation system. In doing so, ITS sub-
stitutes “information for stuff” 14); in this case, the “stuff” being
replaced with information is the material resources necessary to
build roads. In addition to using fewer resources, substituting better
formation for new roads may also conserve open space, decrease

Sustainable Transportation and ITS

Besides sustainable development and sustainable communities,
“sustainable transportation” forms a third conceptually important

link between ITS and sustainable communities. And defining sus-
tainable transportation, in turn, begins with the understanding that
transportation is a complex system that integrates people, modes,

and land uses. Despite widespread understanding of such systerp:e noise and community disruption related to new highways, and
attributes, most conceptual approaches to transportation still reflec ' unity disrupti whighway

separate modes i.,civing as separate from bicycing, vansit, on "%, B ST 2 BAERE LS R EERCCR S RO
walking). Acknowledging the system attributes of transportation, some of those limits )z:re being approached, and therefore sustai’nable
and building on the definition of sustainable communities provided gapp '

. . . . development depends on accommodating economic growth while
earlier, the authors define sustainable transportation as p. P 9 9
consuming fewer resources.

) . ) . The second way in which ITS can promote sustainable commu-
Transportation services that reflect the full social and environmental y P

costs of their provision; that respect carrying capacity; and that bal-
ance the needs for mobility and safety with the needs for access,
environmental quality, and neighborhood livability.

nities is by enhancing the performance of the transportation system,
with enhanced performanckefined broadly to include reducing the
system’s negative externalities. Once again, information plays the
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FIGURE 2 Sustainable communities and ITS.
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key role, for the information-rich environment provided by ITS sustainable communities. As discussed earlier, however, this promise
allows for greater operational control of the transportation system.can be realized only if ITS investments are part of a comprehensive
With more control of the system, it becomes easier to direct it strategy aimed at integrating broad social, environmental, and eco-
toward specific purposes, such as serving broad social, economicpomic goals. And while the National ITS Program lists environmen-
and environmental goals. Table 1 presents how various ITS appli-tal quality as one of its primary goals, it appears that, at least during
cations channel information to drivers, traffic managers, and otherthe first 3 years of the program, this goal was a relatively low federal
transportation system stakeholders in ways that promote sustainabl@riority. This assertion is based on a review of federal ITS activities
communities. For example, ITS applications such as remote sensingonducted by the Congressional Budget Office (CBG) @Accord-
can generate emissions data and assist air quality officials in targeting to the CBO report, only $5.6 million—totaling 1.2 percent of fed-
ing gross polluters. Another example is congestion pricing, or charg-era| ITS funds obligated through 1994—was spent on projects in
ing drivers a fee that varies with the level of traffic on a roadway. which environmental concerns were the primary motive. This com-
Congestion pricing conveys information (in the form of price sig- pares with $304.6 million (65.3 percent of federal funding obligated
nals) that alerts drivers to the overall social and environmental COStSthrough 1994) spent on travel and traffic management projects.
of driving, making them aware that driving imposes external costs These data led the CBO to conclude that
while encouraging travel behavior that causes less environmental
damage. . Among the objectives [for the ITS program] set by the Congress, the
ITS and other information technologies thus hold great promise  one that seems to have received the least attention is the environment.
for efforts to make the transportation system more compatible with ~ Although some of the travel management projects could benefit the

TABLE 1 ITS-generated information and sustainability
Contribution to
ITS Category Application Flow of Information Sustainability
--Traffic signal --traffic information to  --reduces energy usage
synchronization traffic mangers allows and emissions related to
Traffic re-timing of signals to “stop & go” traffic and
Management optimize traffic flow congestion
--Incident detection --incident (i.e. freeway  --reduces energy usage
accident) information to  and congestion-related
traffic managers allows  emissions
faster emergency
response, re-timing of
ramp meters, etc.
--Pre-trip traveler --traffic information to ~ --reduces energy usage,
information traveler allows for shift ~ congestion-related
Traveler in travel time, route, or  emissions and/or the # of
Information mode trips/ SOVs
--En-route traveler --traffic information to --reduces energy usage
information driver allows shift in congestion-related
route emissions
--Congestion-sensitive --information to drivers  --reduces energy usage
road tolls (in the form of price and emissions by reducing
(i.e. congestion pricing) signals) that relays full  # of trips/SOVs, reducing
social and environmental congestion, and perhaps
costs of driving encouraging less auto-
dependent land use
patterns (i.e. less sprawl)
Other --Remote sensing of --vehicle emissions --aid in targeting ‘gross
emissions information to drivers polluters’ (10% of
and/or air quality vehicles responsible for
managers roughly 50% of
emissions)
--Demand-responsive --information to transit  --reduces emissions and
transit services managers and transit energy usage by
riders on encouraging use of transit;
supply/demand/status helps create more
related to transit equitable distribution of
transportation services to
underserved populations
(i.e. handicapped, elderly)
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environment, how they might do so is not entirely clear because short- * Emphasis on public involvementhich moves the nation

term reductions in traffic and congestion could lead to greater numbers  igward a participatory model of decision making, with an informed
of vehicles on the road, resulting in even greater pollution. citizenry playing a key role.

The CBO rep_ort rightly points out that funding for ITS project; does _ ISTEA has thus made regional transportation planning a more
not necessarily represen.t.a Zero-sum game betweer.l pf°m°“”,9 en\/Eomprehensive, participatory process, and one in which planners
ronmental goals or mobility goals. However, many in the environ- i, e asingly are required to balance the goal of traffic efficiency

mental community, wary that ITS investments that increase the it proad social and environmental concerns. This process differs
carrying capacity of the transportation system will ultimately = gjgnificantly from traditional transportation planning, when policy
worsen pollution by encouraging more driving, believe the ITS 1y 3xers had “few incentives to include urban renewal, social regen-
program may be heading in the wrong directi@)( eration, and broader transportation objectives in their program-
ming” (17). ITS provides a new set of tools to implement the
holistic vision of transportation policy embodied in ISTEA, butitis
critical that these tools be directed properly, as the authors believe

_ _ . ) _ that ITS systems per se are neither all “good” or all “bad” in rela-
Integrating transportation policy with efforts to reduce air pollution, +ion to sustainable communities: what matters is that they be inte-

manage land use patterns, and promote social equity applies theyrated into a policy and institutional framework aimed at achieving
essence of the sustainability framework. ITS systems, by providinghis vision.

information on the performance of the transportation system, pro-

vide a technological means of moving toward the sustainability

ideal. But this promise cannot be realized without a transportation pre[ IMINARY FINDINGS AND
policy framework that goes beyond the traditional emphasis on RecOMMENDATIONS

mobility and traffic efficiency. Crucial to the creation of a sustain-

able transportation system is a transportation policy guided by |t has been argued that ITS technologies can assist efforts to build
vision of sustainable communities. sustainable communities. To do this, the ability of ITS to produce
Such a vision was behind major transportation legislation passedansportation-related information must be harnessed within an
in 1991, the Intermodal Surface Transportation Efficiency Act oyerarching sustainable transportation strategy. ISTEA provides the
(ISTEA). ISTEA marked a watershed in the evolution of U.S. framework for such a strategy, but many issues must be addressed
transportation policy, shifting the focus from massive highway con- pefore ISTEA'’s vision becomes a reality. The following preliminary
struction projects to facilitate economic growth and urban develop- recommendations to the Minnesota ITS program—which subse-
ment. The law instructs transportation planners to analyze “the quently will be refined and modified as the study proceeds—offer

overall social, economic, energy, and environmental effects of guidance to the Minnesota ITS program for incorporating principles
transportation” [C.F.R. 450.316(a)(13)]. In conjunction with the of sustainability.

1990 Clean Air Act Amendments, ISTEA further integrates trans- Specific program implications for Minnesota’s ITS program are
portation policy with efforts to control air pollution and manage land 35 follows:
use patterns. ISTEA also mandates that the benefits of the trans-
portation system be extended to poor and minority communities and 1. Explore the cost-feasibility/benefit of an emissions manage-
others “traditionally under-served by the transportation system” ment system, of an aggressive pretrip information program, and of
[C.F.R. 450.316(b)]. CampHL6) characterizes the new program the potential for ITS to contribute to the effectiveness of demand-
and policy directions in ISTEA as follows: responsive transit
To date, much of the focus and public perception of ITS has been
* Emphasis on a systems approaglith increased focus on  on increasing throughput on roads and highways. Yet ITS has the
alternative modes, environmental protection, and mobility of personspotential to serve many other goals and to provide a more balanced
and goods; mix of modal options. Emissions management, pretrip traveler
* A holistic approach to planningvhich expands concepts of information, and demand-responsive transit are all areas in which
system performance to include mobility and access, equity, relia-ITS can support programs that promote sustainable communities.
bility, and external impacts and stipulates a cooperative partnershipThe emissions management function, for example, is conceived as
for planning between local and state governments; a center subsystem (in the draft national ITS Systems Architecture)
* Flexibility, unprecedented flexibility in moving money that could provide roadside information on emissions to inform the
between modes (roads, transit, bikes, and pedestrians), makindraffic management subsystems. Emissions management systems

DISCUSSION OF RESULTS

funding decisions clearly a part of the planning process; have been implemented elsewhere (e.g., Athens, Greece), and an
* Linkage to air quality and environmeri both funding and evaluation of their appropriateness for Minnesota would be a natural
planning; follow-on to experimental testing that has already been conducted

» Emphasis on performangeith a focus on preservation, main-  in the state.
tenance, and management of the existing roads and highways
through management systems; 2. Consider the feasibility of one-stop shopping for travel and
* Emphasis on aestheticsvith both planning requirements  other information (deployed within downtown, suburban, and rural
and funding set-asides for scenic byways and easements, historisettings) within the broader context of other telecommunication
preservation, and other features; services
* Focus on safefyn the roads and in communities, for usersand ~ An example of such one-stop shopping—an example that high-
nonusers; lights the potential effects of the telecommunications revolution on
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ITS and the provision of information about travel and related mium service of relatively congestion-free travel for those willing
services—is the distance education opportunities and Department ofo pay or willing to travel by bus or carpool.
Motor Vehicle information provided by the Los Angeles Transit
Blue Line. This “bundling” of travel and related information can pro- coNCLUSION
mote sustainability by making transportation more efficient, encour-
aging mode shifting, or reducing demand for travel. From a policy The authors end this paper on a cautionary note. Maximizing
perspective, it makes sense to consider economies of scale for intemobility—the movement of people and goods to and from destina-
grating ITS service provision with other forms of service provision. tjons as quickly as possible—remains a critical concern among
transportation planners and the public, and the promise of facilitat-
3. Adopt a multimodal, multiagency public outreach strategy to ing economic growth remains a powerful justification for em-
identify goals for ITS deployment, specifically within the context of phasizing mobility as the primary goal of transportation policy.
community sustainability Moreover, transportation behavior has proven extremely difficult
Consultations with policy makers and community representativesto change. Despite tremendous policy efforts to the contrary, auto-
in Minnesota revealed the importance of developing a process bymobile use continues to rise, transit use and carpooling continue to
which the communities themselves can play an active role in defin-decline, and metropolitan areas continue to disperse. Any efforts to
ing what they mean by sustainability. A clear message from thesepromote sustainable transportation must consider that “when it
consultations, for example, was that participants believed that “acomes to cars, recalcitrant human nature has a way of wreaking
single-minded focus on moving cars undermines community liv- havoc with planners’ most high-minded intention49)( And
ability.” This has implications for ITS deployment in that it reveals finally, the politics of transportation pose a barrier to sustainability,
the usefulness of involving community groups in the market as traditional highway lobbies and pork-barrel spending remain
research aspect of a project. The consultations also suggest that thstregal parts of transportation’s political landscap@(The pas-
concept of community sustainability should be treated in an itera- Sage of ISTEA and the controversy over ITS illustrate the continu-
tive fashion. That is, while some aspects of it can be defined in theing struggle between fundamentally competing visions of which

abstract, the process of involving community representatives cangoals should guide transportation investments. Perhaps only this is
bring the concept to life for that community. certain: The road to sustainable communities, though certainly one
worth choosing, is anything but a smooth ride.

4. To ensure that progress is made toward building more sus-
tainable communities, it is critical that indicators of such progress ACKNOWLEDGMENTS
be established
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